Background: In the era of biologic agents, risk factors for complications following resection for Crohn's disease have not been fully identified. In particular, the association of preoperative use of immunosuppressive and biologic agents with the incidence of complications after resection remains to be elucidated. Aim: This retrospective multicentre study aimed to identify risk factors for complications after ileocolonic resection for Crohn's disease, with a major focus on the impact of preoperative immunosuppressive and biologic therapy. Methods: A total of 231 consecutive patients who underwent ileocolonic resections for active Crohn's disease in seven inflammatory bowel disease referral centres from three countries (Japan, Brazil and Italy) were included. The following variables were investigated as potential risk factors: age at surgery, gender, behaviour of Crohn's disease (perforating vs. non-perforating disease), smoking, preoperative use (within eight weeks before surgery) of steroids, immunosuppressants and biologic agents, previous resection, blood transfusion, surgical procedure (open vs. laparoscopic approach), and type of anastomosis (side-to-side vs. end-to-end). Postoperative complications occurring within 30 days after surgery were recorded. Results: The rates of overall complications, intra-abdominal sepsis, and anastomotic leak were 24%, 12% and 8%, respectively. Neither immunosuppressive nor biologic therapy prior to surgery was significantly associated with the incidence of overall complications, intra-abdominal sepsis or anastomotic leak. In multivariate analysis, blood transfusion, perforating disease and previous resection were significant risk factors for overall complications (odds ratio [OR] 3.02, 95% confidence interval [CI] 1.21-7.52; P ¼ 0.02), intra-abdominal sepsis (OR 2.67, 95% CI 1.04-6.86; P ¼ 0.04) and anastomotic leak (OR 2.87, 95% CI 1.01-8.18; P ¼ 0.048), respectively. Conclusions: Blood transfusion, perforating disease and previous resection were significant risk factors for overall complications, intra-abdominal sepsis and anastomotic leak after ileocolonic resection for Crohn's disease, respectively. Preoperative immunosuppressive or biologic therapy did not increase the risk of postoperative complications.
Introduction
The introduction of biologic agents has led to a dramatic improvement in the care of patients with inflammatory bowel disease (IBD).
1,2 Nevertheless, the need for surgical intervention remains high in patients with Crohn's disease (CD). 3 The goal of surgery similarly to medical treatment is to provide long-lasting symptomatic relief while avoiding excessive morbidity. 4 Since CD frequently affects the terminal ileum with or without the right side of the colon, ileocolonic resection is the most frequently performed surgical procedure in patients with CD. 4 Serious postoperative complications such as anastomotic leak and intra-abdominal sepsis develop more frequently in CD than in other intestinal diseases. 5 These complications can markedly affect patients' quality of life and may negatively impact their mental and physical health. Various risk factors specific for the patients with conditions related to CD can influence the outcomes of surgical treatment especially in the early postoperative period, such as the first 30 days after surgery. 6, 7 Those risk factors may include preoperative conditions like poor nutritional status, duration of symptoms before surgery and site of the disease, and operative factors such as indication for surgery, intra-operative findings and type of operation.
In the era of biologic agents, risk factors for complications following resection for CD have not been fully identified. In particular, the association of preoperative use of immunosuppressive and biologic agents with the incidence of complications after resection remains to be elucidated. The present study was designed to identify risk factors for complications after ileocolonic resection for CD, with a major focus on the impact of preoperative immunosuppressive and biologic therapy.
Patients and methods

Study design
This was a retrospective international multicentre study. In this study, seven IBD referral centres from three countries (Japan, Brazil and Italy) were involved. Our study protocol was approved by the ethics committee of each institution involved.
Patient inclusion and exclusion criteria
Patients who underwent ileocolonic resection (by open or laparoscopic approach) with primary anastomosis for active CD between January 2008 and January 2013 were included. Patients who underwent concomitant intestinal resection or strictureplasty for small bowel or colorectal CD were included. Patients who had a covering ileostomy were excluded. Patients with insufficient data for analysis were also excluded.
Surgical technique and strategy
Before starting this study, we had confirmed that indications for surgery, surgical technique and strategy, and perioperative management were similar between the centres. In severely compromised patients, the patient's medical status was optimised by correcting anaemia, fluid depletion, electrolyte and acid-base disorders, and malnutrition prior to operation. Regarding surgical techniques, laparoscopic resection was performed by experienced surgeons, but it was avoided in patients with a large inflammatory mass, dense adhesions, markedly thickened mesentery and bowel, acute enteric fistulae, and severe abscesses. The selection of anastomotic technique mainly depended on individual surgeon experience and personal preference. Two-stage operation (avoid a primary anastomosis or construct a covering stoma to protect an anastomosis at the first operation) was selected for patients with some of the following factors such as poor nutritional status, use of steroids or immunosuppressive drugs, and the presence of abscess or fistula at the time of laparotomy.
Postoperative complications
Postoperative complications occurring within 30 days after surgery were analysed. The incidence of overall complications, intra-abdominal sepsis and anastomotic leak was evaluated. Intra-abdominal sepsis was defined as anastomotic leak, intra-abdominal abscess or enterocutaneous fistula. Although no routine examinations were performed after surgery to detect anastomotic leak or intra-abdominal abscess, in cases of unexplained fever or abdominal tenderness, imaging studies including ultrasound, computed tomographic scan, or contrast x-ray were performed.
Potential risk factors for postoperative complications
The following variables were investigated as potential risk factors for postoperative complications: age at surgery, gender, behaviour of CD (perforating vs. nonperforating disease), smoking, preoperative use (within eight weeks before surgery) of steroids (prednisolone), immunosuppressants (azathioprine or 6-mercaptopurine) and biologic agents (infliximab or adalimumab), previous resection, blood transfusion, surgical procedure (open vs. laparoscopic approach), and type of anastomosis (side-to-side vs. end-to-end). Perforating disease was defined as perforation, abscess, or internal or external fistula from findings at laparotomy. 8 
Statistical analysis
Univariate analysis (the chi-square test with Yates' correction) was conducted to investigate the association of each clinical variable with the incidence of postoperative complications. To determine risk factors for postoperative complications, a multivariate analysis using multiple regression model was conducted. P < 0.05 was considered to be statistically significant.
Results
Baseline characteristics
A flow diagram for patient inclusion and exclusion is shown in Figure 1 . A total of 231 consecutive patients were included in this study. Baseline characteristics of the 231 patients are presented in Table 1 . The indication for surgery was perforating disease in 99 patients (43%) and non-perforating disease in 132 patients (57%). At the time of ileocolonic resection, 63 patients (27%) underwent synchronous procedures: small bowel strictureplasty in 12 patients, small bowel resection in 14 patients, colonic resection in 29 patients, and others in eight patients. Of the patients, 24 (10%) required blood transfusion in the perioperative period. Open and laparoscopic approaches were used in 156 patients (68%) and 75 patients (32%), respectively. A hand-sewn side-to-side anastomosis was performed in 18 patients (8%), a stapled side-to-side anastomosis (functional end-to-end anastomosis) in 152 patients (66%), and a hand-sewn end-to-end anastomosis in 61 patients (26%).
Preoperative immunosuppressive and biologic therapy
Within eight weeks before surgery, 65 patients (28%) were receiving immunosuppressive drugs (azathioprine or 6-mercaptopurine). Of the patients, 79 (34%) received biologic agents (infliximab for 55 patients, adalimumab for 23 patients, both for one patient) within eight weeks before surgery. Of the patients, 31 (13%) received both immunosuppressive and biologic agents. In contrast, 118 patients (51%) received neither immunosuppressants nor biologics. The relationship between the preoperative use of immunosuppressants and biologics, and clinical parameters are shown in Tables 2 and 3 , respectively. Patients treated with immunosuppressive drugs significantly more often received biologics. Similarly, patients on biologic agents significantly more frequently received immunosuppressive drugs. The following parameters were not significantly different between patients treated with and without these agents: gender, behaviour of CD, smoking, preoperative use of steroids, previous resection, blood transfusion, and type of anastomosis.
The incidence of postoperative complications
Postoperative complications observed within 30 days after surgery are listed in Table 4 . Several patients developed multiple complications. The rates of overall complications, intra-abdominal sepsis, and anastomotic leak were 24% (55 patients), 12% (27 patients) and 8% (19 patients), respectively.
Risk factors for postoperative complications
In univariate analysis (Table 5) , the association of each clinical variable with the incidence of postoperative complications is investigated. The incidence of overall complications and intra-abdominal sepsis was lower in patients who received immunosuppressive or biologic agents as compared with those who did not; however, the difference did not reach statistical significance (Table 5 and Figure 2 ). Thus, neither immunosuppressive nor biologic therapy prior to surgery was significantly associated with the incidence of overall Further, patients with perforating disease were at a significantly higher risk of intra-abdominal sepsis as compared with those with non-perforating disease (19% vs. 6%, P ¼ 0.004). An end-to-end anastomosis was significantly associated with a higher risk of intra-abdominal sepsis as compared with a side-to-side anastomosis (20% vs. 9%, P ¼ 0.04). No parameters were associated with the incidence of anastomotic leak. In multivariate analysis (Table 6) , only blood transfusion was a significant independent risk factor for overall complications (odds ratio [OR] 3.02, 95% confidence interval [CI] 1.21-7.52; P ¼ 0.02). Perforating disease was the only significant risk factor for intraabdominal sepsis (OR 2.67, 95% CI 1.04-6.86; P ¼ 0.04). Further, previous resection was the only significant risk factor for anastomotic leak (OR 2.87, 95% CI 1.01-8.18; P ¼ 0.048).
Discussion
The major focus of this study was to investigate the impact of preoperative immunosuppressive or biologic therapy on complications after ileocolonic resection for CD. There may be two opposite possibilities for the impact of these drugs. Diminished inflammatory activity of CD with preoperative immunomodulator therapy may contribute to the reduction of postoperative complications. In contrast, deleterious immunomodulatory effects of these agents may increase the risk of postoperative complications. In this study, 28% and 34% of the patients received immunosuppressive and biologic agents within eight weeks before surgery, respectively. Of the patients 13% received both immunosuppressive and biologic agents. In contrast, 51% received neither immunosuppressants nor biologics. We found that the incidence of overall complications and intra-abdominal sepsis was slightly lower in patients with exposure to immunosuppressive or biologic therapy as compared with those without exposure; however, the difference did not reach statistical significance. In multivariate analysis, neither immunosuppressive nor biologic therapy prior to surgery was significantly associated with the incidence of overall complications, intra-abdominal sepsis or anastomotic leak.
Several studies [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] investigated whether immunosuppressive or biologic therapy increases the risk of postoperative complications, particularly septic complications in patients with CD. Conflicting results exist regarding the impact of preoperative biologic therapy. A number of meta-analyses [20] [21] [22] [23] [24] were conducted on this issue. In a meta-analysis, 20 preoperative biologic therapy was associated with a modestly increased risk of infectious complications (OR 1.50, 95% CI 1.08-2.08), mostly remote from the surgical site (OR 2.07 95% CI 1.30-3.30) and with a trend towards a higher rate of non-infectious complications (OR 2.00, 95% CI 0.89-4.46). A more recent study 22 found that there was significant association between infliximab therapy prior to surgery and total (OR 1.45, 95% CI 1.04-2.02), infectious (OR 1.47, 95% CI 1.08-1.99) and noninfectious (OR 2.29, 95% CI 1.14-4.61) postoperative complications, respectively. In contrast, two metaanalyses 23, 24 reported that there was no significant associations between preoperative biologic therapy and the incidence of postoperative complications. Clinicians may be confused because of these conflicting results. Most of the studies included in these meta-analyses are retrospective or case-control studies and thus do not allow the control of important confounding factors such as preoperative conditions (the presence of abscess or fistula) or concomitant steroid therapy. A multicentre prospective study (the PUCCINI trial) 25 aiming to evaluate the impact of previous immunosuppressive and biologic therapy in patients submitted to abdominal resections in both CD and ulcerative colitis is Figure 2 . Neither immunosuppressive nor biologic therapy prior to surgery was significantly associated with the incidence of overall complications, intra-abdominal sepsis or anastomotic leak. IM: immunosuppressants; BIO: biologics; NS: not significant.
currently being performed, and its results will clarify in a near future the real impact of these medications in postoperative scenario, with a robust scientific level. The timing of biological infusion prior to surgery varies through studies, and the impact of time between the last biologic infusion and operation has not been fully elucidated. In one study, 18 operations performed within 14 days from last biologic dose had similar rates of infections and other complications when compared with those performed within 15-30 days or 31-180 days. Further, patients with detectable preoperative infliximab levels had similar rates of wound infection compared with those with undetectable levels. These results indicate that a shorter time interval from last biological dose is not associated with increased postoperative complications. A recent study 26 investigated whether preoperative serum levels of biologic agents correlate with postoperative morbidity. In patients with CD, there was a higher but statistically insignificant rate of adverse outcomes in the detectable vs. undetectable groups. Using a cut off level of 3 mg/mL, postoperative morbidity (OR 2.5) and infectious complications (OR 3.0) were significantly higher in the !3 mg/mL group. There were significantly higher rates of postoperative morbidity and hospital readmissions in the !8 mg/mL compared with <3 mg/mL group. These results indicate that increasing preoperative serum levels of biologic agents are associated with adverse postoperative outcomes.
We found that blood transfusion significantly increased the risk of postoperative complications (OR 3.02). To our knowledge, few studies have identified blood transfusion as a risk factor for complications after surgery for CD. 27 Blood transfusion has been reported to be associated with declines in lymphocyte numbers and inhibition of lymphocyte function. 28 In patients undergoing surgical procedures, the receipt of blood may increase the risk of postoperative infectious complications. Interestingly, decreased recurrence of active IBD has been reported in transfused patients with CD. 29 Conversely, deleterious immunomodulatory effects of transfusion may explain the association between transfusion and increased susceptibility to cancer recurrence and bacterial and viral infection. 30 Blood transfusion may cause profound and prolonged alterations in immune function which result in clinical phenomena which can be either beneficial or detrimental to the recipient. Further well-designed research is warranted to evaluate the effects of blood transfusion on morbidity after bowel resection for CD. In this study, perforating disease (perforation, abscess or fistula) was a significant risk factor for intra-abdominal sepsis (OR 2.67). The deleterious effect of perforating disease has been confirmed in the previous studies. 6, 7 In univariate analysis, side-to-side anastomosis was significantly associated with a lower incidence of intra-abdominal abscess as compared with end-to-end anastomosis (9% vs. 20%). Stapled side-toside anastomosis (functional end-to-end anastomosis) has become a popular procedure in colorectal surgery. Its potential benefits include a wide anastomotic lumen, minimal contamination and a quick method. In our study, this anastomotic technique was used in 66% of the patients. In a meta-analysis comparing outcomes between end-to-end anastomosis and other anastomotic configurations after bowel resection for CD, 31 end-toend anastomosis was associated with increased anastomotic leak rates. Side-to-side anastomosis reduced the risk of anastomotic leaks and overall postoperative complications. We also found that a history of previous resection significantly increased the risk of anastomotic leak (OR 2.87). To our knowledge, this finding has not been reported in the previous studies, so further studies are necessary to confirm it.
Our study has certain limitations that need to be considered in the interpretation of its results. The methodological features of a retrospective multicentre and observational analysis, without a fixed perioperative management protocol, may have led to some bias, even if the database in each institution was prospectively maintained. Secondly, the sample size calculation was not done based on a primary statistical endpoint. Further, the nutritional status of patients was not included as a potential risk factor for postoperative complications. However, in our institutions, two-stage operation was performed in most patients with poor nutritional status. Those patients were not included in the present study.
In conclusion, blood transfusion, perforating disease and previous resection were significant risk factors for overall complications, intra-abdominal sepsis and anastomotic leak after ileocolonic resection for CD, respectively. These significant factors may be surrogate markers for aggressive disease, extensive resection, and dense adhesions. Preoperative immunosuppressive or biologic therapy did not increase the risk of postoperative complications. Our results may suggest that surgery does not need to be delayed, and appropriate immunosuppressive or biologic therapy can be continued preoperatively in patients with CD. In clinical practice, the decision to choose between one-stage or twostage operation is based not only on the use of immunosuppressive or biologic agents, but also multiple confounding factors such as malnutrition, use of steroids, and preoperative sepsis should be taken into consideration. A large-scale prospective study is necessary to rigorously evaluate the effects of preoperative immunosuppressive or biologic therapy on the incidence of postoperative complications. Furthermore, data able to control confounding factors and various pharmacokinetic conditions are also needed.
